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ABSTRACT
The effect of a high carbohydrate (HCHO) or high fat (HF) diet on time to 
fatigue and mood state was examined in the present study. Six untrained males, 
(mean age 26.6 ± 0.74) were randomly assigned to a high fat (HF) or a HCHO 
diet for seven days. Subjects performed an endurance test at 55% of V02 max 
following the diet. Time to fatigue and psychometric variables of the Profile of 
Mood States (POMS) were recorded. Subjects then consumed the alternate diet 
following one week of a normal diet and a second endurance test was performed. 
There was no significant difference in time to fatigue between the HCHO diet 
(51.37 minutes ± 1.94), and the HF diet (47.0 minutes ± 1.8). No significant 
mood changes were found before or after the exercise test between the diets. 
Key words: Diet, time to fatigue, POMS, V02 max.
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OPERATIONAL DEFINITIONS
Adenosine Triphosphate - (ATP) A substrate used for energy.
Cardiorespiratory endurance - The ability of the heart and lungs to m eet the 
demands of the body during exercise.
Eicosanoids - Superhormones that control the body’s hormonal system, 
cardiovascular system, immune system, central nervous system, and 
reproductive system. They are controlled by dietary fat intake.
Fatigue - The inability to maintain a given workload despite verbal 
encouragement.
Isocaloric - Both of the diets that the subjects consume will contain an equal 
number of calories.
Metabolism - The chemical pathways that result in the synthesis and breakdown 
of molecules.
Rate of Perceived Exertion fRPEl - Subjective estimation of the respiratory 
and/or the skeleto-muscular systems response to the intensity of activity.
Respiratory Quotient fR^  - The R-value is used to determine the percentage of 
carbohydrate (OHO) or ^ t  being utilized during the activity. It can be determined 
once the body hàs reached steady state. If the body is primarily using fat the R- 
value will be closer to 0.7 and if it is primarily utilizing CHO it will be closer to 1.0.
Untrained - Person who performs endurance type exercise two to three days per 
week.
V 02 Max - (maximal 02  uptake) The greatest rate of oxygen uptake by the body 
measured during severe dynamic exercise, usually on a  cycle ergometer or 
treadmill, dependent on maximal carbon dioxide and maximal arterial venous 
difference. To ensure that subjects have reached their V02 max, two of the 
following must be obtained: RER ^  1.1, reaching estimated maximum heart rate, 
failure of V02 to increase with an increase in exercise intensity.
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CHAPTER 1 
INTRODUCTION
Since the first Olympics, athletes have been concerned with optimizing 
their performance through diet (18). Much research has been performed on diet 
and performance, and it has been demonstrated that proper nutrition for athletes 
may be a determinant for peak performance (17). Athletes continue to debate 
this issue and are bombarded with conflicting dietary advice from coaches and 
trainers about whether a high carbohydrate (HCHO) diet or a  high fat (HF) diet 
optimizes performance. The 1991 Consensus Conference on Foods, Nutrition 
and Sports Performance suggests: "In the optimum diet for most sports, 
carbohydrate is likely to contribute about 60-70% of the total energy intake and 
protein about 12%, with the remainder coming from fat” (38). However, 
aitemative dietary manipulations are suggested to lengthen time to W gue (19, 
20, 27, 34, 35).
To address this question, several researchers have compared the effects 
of a HF diet to a  HCHO diet on time to W gue; however, it appears there is not a 
definitive diet for all athletes. Sears (34) suggests that an athlete ingesting a  HF 
diet improves his or her performance, and recommends, "the optimal 
percentages of each macronutrient as: 30% carbohydrate, 40% fôt, and 30% 
protein.” This diet had been recommended to several athletes and trainers, 
including the Stanford swim team of 1992 (3, 34). Sbc athletes participated in the
Olympics, won eight gold medals, and se t two world records. Since this time, the 
Stanford swim team has been on this diet and has experienced continued 
success (34). However, the credibility of these findings is questionable due to 
the lack of controlled studies. It is not known if the success is related to the 
training, diet, or some other factor.
Many researchers have found that fat is an important substrate during 
high intensity exercise (13, 16,17, 21, 25, 27, 37). High intensity exercise is 
defined as working at greater than 70% V 02 max (32). In a study of highly 
trained middle distance runners, researchers determined that subjects ingesting 
a HF diet for seven days experienced improved endurance, increased V02 max 
and 0 2  consumption, higher 02  cost of producing ATP, and facilitation of lipid 
utilization (27). However, another researcher found that athletes who consume a 
HCHO diet will improve their level of performance (19).
Several studies have demonstrated that a HCHO diet consisting of 
approximately 80% CHO increases muscle glycogen levels and improves 
endurance in trained and untrained individuals (6, 7, 8 ,11 ,15 ,17 , 19, 23, 28).
In a study performed on untrained males, Helge et al., found an increase in time 
to fatigue when ingesting a HCHO diet (19).
Diet not only has an effect on performance, but also has been shown to 
produce mood changes in athletes. Many researchers have looked at the effect 
of diet on mood by using the Profile of Mood States (POMS), which looks at six 
different mood states. Researchers have found that during a low CHO diet (25% 
CHO) athletes often experience greater irritability (22). Other researchers have
found that there was no significant difference in mood state when diet was 
altered (33).
Despite various attempts to determine which type of diet optimizes 
performance, researchers have not been able to provide coaches or the general 
public with a conclusive answer. Therefore, the purpose of the current study was 
to measure the effects of a HF and HCHO diet on time to fatigue in untrained 
males.
Significance of the Problem
Recently, people have become more interested in nutrition and exercise. 
The results of this study will significantly contribute to sports physical therapy by 
providing information about nutrition and performance. This will enable physical 
therapists to advise the average person on proper diet planning in order to 
improve their exercise regimen. In addition, questions related to diet can be 
better answered. As Costill stated, "aside from the limits imposed by heredity 
and training, no single factor plays a greater role in optimizing performance than 
diet" (18).
Hypotheses
1. There will be no difference in time to fatigue between subjects
consuming either a  HF or a HCHO diet for seven days.
2. There will be no difference in psychometric variables of the POMS, 
when comparing the following; pre-exercise HF vs. pre-exercise 
HCHO, post-exercise HF vs. post-exercise HCHO, pre-exercise vs. 
post-exercise HF, and pre-exercise vs. post-exercise HCHO.
CHAPTER 2 
LITERATURE REVIEW
The public is bombarded daily with information on dietary supplements 
and habits to improve athletic performance; however, it is difficult to interpret the 
information and put it into practice. In addition, much of the information is 
anecdotal and conflicting.
Although many studies have been conducted on the effects of a diet high 
in fat vs. a diet high in carbohydrate (CHO), on time to exhaustion, the variety of 
methods utilized lends itself to conflicting results. The following factors will be 
discussed: level of fitness, duration of specified diet, the effect of dietary changes 
on mood state, exercise mode, exercise intensity, and the CHO and fat content 
of experimental diets.
Fats and CHO are the main substrates utilized during exercise in a healthy 
person consuming a balanced diet (32). The primary substrate is determined by 
the diet consumed and the exercise intensity. Low-intensity exercise utilizes fat 
as a fuel source whereas high intensity anaerobic activities rely primarily on CHO 
stores for fuel. The reason for CHO fuel usage during high intensity activities is 
due to the increased recruitment of fast-twitch muscle fibers and blood 
epinephrine levels (32). Fast-twitch fibers metabolize CHO better due to the 
greater concentration and activity of glycolytic enzymes. Epinephrine also favors 
CHO as a  substrate due to its effect on the breakdown of muscle glycogen. Also 
of significance is the associated production of lactate that accumulates as a
result of the enhanced carbohydrate metabolism. In long duration, low intensity 
exercise the body uses fat as the primary substrate because of the increase in 
norepinephrine and glucagon. These substrates increase lipolysis (32). The 
increased lipolysis increases blood and muscle levels of free fatty acids and 
promotes fat metabolism (32).
Fitness Level of Subjects
Muoio and coworkers (27) studied dietary effects on performance in a 
population of male collegiate distance runners. The participants had a  mean 
V02 max of 63.7 ml/kg/min and trained a minimum of 50 miles/week for the 
previous year. Throughout the course of the study, subjects were on a  self- 
reported training regimen. Subjects ingested both a  HF diet, consisting of 50% 
CHO, 12% protein, and 38% fat and a  HCHO diet (73% CHO, 12% protein, 15% 
fat) for seven days. The subjects first performed a progressive maximum 
treadmill test and then were given a 30-minute break before beginning the 
endurance test. The first 30 minutes of the endurance test was set at 85% of 
their V02 max, after which the grade was decreased to a workload of 75-80% of 
V02 max. After ingesting the HF diet for seven days, subjects had a  running 
time of 91.2 minlites, as compared to 75.8 minutes on the HCHO diet (27).
Pendergast, et al. (29) examined the role of dietary fat on performance for 
both trained and untrained subjects. Sedentary, sport-, and endurance-trained 
subjects were recruited to determine whether fat oxidation was limited to an 
exercise intensity of 60% of V02 max (29). The sport-trained athletes 
participated in activities that required sprinting, i.e. basketball players, while
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endurance-trained athletes participated in long distance activities. There was no
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dietary manipulation or control. Subjects had a mean V02 max of 58-68 ml/kg. 
Subjects were asked to run at 125% V02 max until exhaustion, (2.5 minutes), 
which was repeated 25 times with a 20-minute rest break between bouts. All 
three groups acquired 95 to 97% V02 max in 2.5 minutes. However, after bout 
10 the untrained group could no longer maintain this intensity and dropped to 
68% V02 max and eventually to 60% V02 max. The trained groups maintained 
90 to 95% V02 max throughout the test. At this level, it was expected that 
energy would be provided by CHO. However, the respiratory quotient (R) found 
in this study was 0.75 for the untrained (sedentary) and 0.85 for the trained 
(endurance or sports trained subjects), indicating that fat was the primary fuel. 
The researchers determined that fat plays a large energy role in exercise, even 
at high intensities (29).
Pendergast and coworkers (29) also performed two series of tests on 
trained runners to evaluate V02 max and endurance time. One study utilized 
collegiate male cross-country runners, who ran an average of 40-60 miles per 
week. The second experiment consisted of males and females 30-40 years old, 
who ran 40 miles per week for a minimum of 10 years. In both studies the 
subjects were asked to increase their dietary fat intake from the current intake of 
approximately 20% to 55% of total calories. Subjects were on the diet over a 
period of six months while maintaining their training. Researchers found that 
over the course of time, subjects’ V 02 max increased by an average of 7.3%. 
They also determined that time to exhaustion increased by 40% when running at
60%, 70% and 80% of V02 max. Researchers proposed that the runners 
increased endurance time due to an increased V02 max and increased 
intramuscular fat stores. Dietary logs showed that subjects consumed 20% less 
calories than suggested. Also, the prescribed increase in dietary fat intake from 
15% to 35% to 55% of total calories, was actually only 15% to 32% to 42%, 
respectively. This revealed that the subjects were “fat phobic” and that they did 
not comply with the suggested dietary recommendations (29). The researchers 
found a significant increase in time to exhaustion; however, they did not have a 
control group, or a record of the subjects training. There was no discussion 
about the type of training the subjects participated in. The increase in time to 
exhaustion may be related to increased training rather than dietary manipulation.
Helge and coworkers (20) used untrained young men 23.9 ±1.1 years of 
age, with a  V02 max of 3.7 to 3.81 liters/minute. Subjects consumed either a HF 
(21% carbohydrate. 17% protein, and 62% fat) or HCHO (65% CHO, 15% 
protein, 20% fat)" diet for four weeks. Subjects participated in a supervised cycle 
training program four times per week, which consisted of a 10-minute warm-up 
(60% V 02 max), 40-55 minutes of altemating short and long intervals (60-85% 
V 02 max) interspersed with “exercise breaks” (50% V02 max), and a 10-minute 
recovery (50% V02 max). Endurance was tested on a Krogh bicycle ergometer 
after weeks two and four. Subjects worked at 80% V02 max at a cadence of 65 
revolutions per minute (rpm) until volitional M igue. Researchers discovered that 
there was no significant difference in time to fatigue in subjects consuming either 
a HF or HCHO diet (20).
It is well documented that endurance-trained athletes preferentially oxidize 
more intramuscular fat and less muscle glycogen at a higher intensity (70% V02 
max or greater) than untrained subjects (5, 24). Therefore, one must take into 
consideration the fitness level of subjects utilized in a study. The studies above 
utilized both trained and untrained males (20). However, they did not have good 
control of the dietary manipulations, which makes it difficult to draw conclusions. 
Mode of Exercise
Researchers studying the effects of diet and performance have evaluated 
runners and cyclists. In a study by Muoio and associates' (27), subjects were 
placed for on either a HF or HCHO diet for seven days. The HF diet consisted of 
50% CHO, 12% protein, and 38% fat while the HCHO diet contained 73% CHO, 
12% protein and 15% fat. After each dietary manipulation subjects performed a 
graded maximum treadmill test to determine V02 max at a constant self-selected 
running pace of 9.7 km/h to 11.3km/h. The grade was increased every three 
minutes until volitional fatigue. The subjects were allowed to rest for 30 minutes 
prior to the endurance treadmill test. During the first 30 minutes, the grade was 
elevated to a level at which they could maintain 85% V02 max, thus facilitating 
glycogen depletion. The grade was decreased until the subjects were running at 
75-80% of V02 max for the remainder of the test, until voluntary exhaustion. 
Researchers reported that subjects on the HF diet had a 20% longer run 
compared to those on the HCHO diet However, V02 (ml/kg/min), heart rate 
(HR) and R-value were similar despite the type of diet (27).
In a study conducted by Shennan, e t al. (35) runners and cyclists were 
examined. Subjects participated in a 5-day exercise and dietary control period. 
During this control period, subjects consumed a diet containing 67% CHO. 15% 
protein, 18% fat, and exercised for 60, 40, 40, 20, and 20 minutes at 75% V02 
max. Runners ran on a motor-driven treadmill at a  6% grade, while cyclists 
exercised on their own bicycles using Velodyne eigometers. Following the 
control period, the subjects began a 7-day training period. During the training 
period, subjects consumed diets containing either 42% CHO or 84% CHO. They 
exercised one hour daily between 1600 and 1800 hours at 75% V02 max, 
followed by five 1-minute sprints at 100% V02 max, with one-minute rest 
intervals. On the seventh day, after the normal training session, subjects rested 
for five minutes before performing two maximal trials, at 80% V02 max, to 
exhaustion. The two trials were separated by 5 minutes of rest. The exercise 
performed on the seventh day was performed in this fashion to simulate a 
maximal endurance performance as in a competitive endurance event This 
event would “require athletes to traverse fixed distances as fast as possible with 
a period of higher intensity exercise during the final stages of the event (35).” 
Researchers reported that muscle glycogen levels did not decrease for either the 
cyclists or the runners on the HCHO diet, but did decrease for those on the 
moderate CHO diet. The researchers also noted that although the HCHO diet 
caused an increased muscle glycogen, it did not significantly increase 
performance time (35).
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Phinney and collaborators (30) examined elite cyclists, who had a V02 
max of 65 ml/kg/min. The subjects were placed on a control diet of a total of 35- 
50kcal/kg/d and consisted of 1.75g protein/kg/d, and two-thirds CHO and one 
third fat for one week. The subjects were then placed on an eucaloric ketogenic 
diet consisting of less than 20 grams of CHO per day for four weeks. An 
endurance test followed each dietary manipulation. During the endurance test, 
subjects cycled at 60-65% of V02 max. Expired gases were analyzed in 10- 
minute intervals for the duration of the trial. During the first two hours of the test, 
subjects were administered a glucose C infusion. After two hours, the subjects 
were asked to continue at the same power output of 60 rpm until fatigue. From 
the data, researchers determined there was no difference in time to fatigue 
between the control diet and the ketogenic diet (30).
In a study designed by Helge et al., (19) untrained male subjects were 
assigned to either a HCHO (65% CHO, 15% protein, 20% fat) or a HF diet (21% 
CHO, 17% protein, 62% fat) for a period of seven weeks. During the seven 
weeks the subjects began a training program that lasted 60-75 minutes per 
session. They exercised three days per week for the first four weeks and four 
times per week for three weeks at 50-85% of V02 max. Subjects refrained from 
training two days prior to the endurance test. The endurance test was performed 
on a Krogh bicycle ergometer at an unreported selected workload. Blood 
samples and oxygen uptake were measured after five and 15 minutes, and every 
15 minutes for the test duration. Exercise ended when the subjects could no 
longer pedal at the desired cadence despite verbal encouragement. Time to
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exhaustion increased by 191% for the HCHO group and only by 68% in the HF 
group. At the end of the seventh week, subjects in the HF group changed their 
diet to a HCHO diet, but those in the HCHO diet group remained on the HCHO 
diet They were tested again at the end of the eighth week using the same 
endurance test. Researchers found that those that remained on the HCHO diet 
had no change in their time to fatigue, but that those that changed to a HCHO 
diet experienced an 18% increase in their time to fatigue. Researchers 
concluded that a HCHO diet had a greater effect on endurance time than a HF 
diet when subjects trained regularly (19). The study, however, is not 
reproducible because the researchers did not include the workload for the 
endurance tests.
As long as aerobic exercise is utilized to measure endurance, the mode of 
exercise used for testing yields comparable results. For example, Sherman et al. 
found similar results when utilizing either a treadmill or a bicycle to conduct the 
endurance test (35).
Duration of Diet
The duration of diet varies greatly between studies. Muoio (27) chose a  7- 
day diet manipulation to accommodate the schedule of the track team. After 
consumption of a HF diet for 7-days, subjects demonstrated a  20% longer time to 
fatigue compared to those on a HCHO diet (27). This suggests that 7-days of 
dietary manipulation is sufficient to change endurance performance.
In the study conducted by Sherman and co-workers (35), the subjects 
were placed on à  5-day exercise and dietary control period and a 7-day training
12
period. During the 5-day period, both exercise and diet were controlled. The diet 
consisted of 67% CHO, 15% protein, and 18% fa t During the 7-day period, the 
exercise and food intake were also supervised. During the training period, 
subjects ate a diet consisting of either a moderate CHO (42% CHO) or a HCHO 
(84% CHO). They found that subjects on a mod-CHO diet had reduced muscle 
glycogen by 30-36% from the baseline during days five to seven of training, while 
those in the HCHO group maintained the muscle glycogen concentrations. 
However, the performance time did not increase significantly for the HCHO group 
(35).
Other researchers have attempted to determine the effects of long-term 
use of a HF diet on endurance. Phinney et al. (30) placed endurance-trained 
males on a very HF, very low CHO (< 20 grams CHO/day) diet for four weeks. 
The diet decreased muscle glycogen by 50% and increased fat oxidation as 
demonstrated by a decline in R (baseline, 0.83 ± 0.01, end, 0.72 ± 0.02) at 62- 
64% V02 max. yMthough fat oxidation increased, there was no increase in time 
to fatigue (30).
Helge and co-workers, (19) placed subjects on a HF (21% CHO, 17% 
protein, 62% fat) diet or a HCHO (65% CHO, 15% protein, 20% fat) diet for 
seven weeks. During the eighth week, all were placed on the HCHO diet to 
further study the body’s metabolism. Subjects performed an endurance test 
following each dietary manipulation at 81% of their V 02 max. After the first 
seven weeks, researchers determined subjects on a  HCHO diet nearly doubled 
their time to fatigue. The subjects on the HF diet also increased their time to
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fatigue, but the increase was less than that achieved while ingesting the HCHO 
diet. These findings support the theory that HCHO diet Increases time to fatigue.
Helge and coworkers (20) recently performed a similar study on untrained 
males that lasted only four weeks. The dietary manipulation, training regimens 
and endurance testing were similar to the previous study (19). The endurance 
tests were performed on a bicycle ergometer after weeks two and four, with 
subjects pedaling at 65 rpm at 80% V 02 max until fatigue. Researchers found 
that, after week two, time to fatigue increased by 62% in the HF group and by 
87% for the HCHO group. At week four, time to fatigue increased to 150% in the 
HF group and to 166% in the HCHO group. Since both groups improved in their 
time to fatigue from baseline, but there was not a significant difference between 
time to fatigue on either diet, this suggests the training regimen caused the 
improvement in time to fatigue.
According to the aforementioned research, the length of time on a diet 
does affect whether or not a  HF diet will increase time to fatigue. Subjects on a 
HF diet for a short time have shown increases in their time to fatigue, but those 
on a HF diet for long periods of time have shown either no change or a  shorter 
time to fatigue compared to subjects consuming a HCHO diet Helge (20) 
concluded that adaptations to a HF diet for up to four weeks does not influence 
endurance performance, but after four weeks a  HF diet may have harmful effects 
on endurance performance. According to Helge et al. (20), adaptations to a HF 
diet may increase sympathetic activity and lead to cellular changes that require 
greater energy expenditure to maintain ion homeostasis. A HF diet may support
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low to moderate activity levels, but is not adequate for supporting higher levels of 
activity (20). However, according to the study by Muoio et al., (27) a HF diet 
does support higher levels of activity and actually Increase time to fatigue. 
Percentages of Fats and Carbohydrates
The “Zone Diet" (34) has been proposed by Sears and reportedly improves 
physical performance within five days of starting the diet. The diet is composed 
of 40% CHO, 30% protein, and 30% fat. The author suggests that ^ t s  added to 
the diet reduce the rate of CHO entry into the bloodstream, thus reducing insulin 
and allowing better access to stored body fat. This process is hypothesized to be 
controlled by eicosanoids, which act as “superhormones” in the body and need to 
be in balance for optimal health. According to Sears, eicosanoids control all of 
the body's hormonal systems and are involved in the cardiovascular, immune, 
central nervous and reproductive systems. The eicosanoid family consists of 
prostaglandins, thromboxanes, leukotrienes, lipoxins, and hydroxylated fatty 
acids. Eicosanoids have either a positive or a negative effect; therefore the 
“Zone Diet” attempts to achieve a theoretical balance. The positive effects 
include inhibiting platelet aggregation, promoting vasodilation, inhibiting cellular 
proliferation, stimulating the immune response, demonstrating anti-inflammatory 
behavior, and decreasing pain transmission. The negative effects, on the other 
hand, promote platelet aggregation, promote vasoconstriction, promote cellular 
proliferation, depress the immune response, are pro-inflammatories, and 
increase pain transmission (34).
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Support for the "Zone Diet” occurred during the 1992 Olympic Trials, when 
the six women on the Stanford University swim team who followed the diet made 
the Olympic team (3, 34). Specifically, Jenny Thompson broke a world record in 
the 100-meter freestyle at the Olympic trials in Indianapolis (34). A colleague of 
Sear's performed an anecdotal study on college football and professional 
basketball players and found that the nine athletes who chose to consume the 
“Zone Diet” for a 6-week period improved their 110-yard sprint time by 7% (34). 
The researchers concluded that the improvement in performance may have been 
due to training, but the training effects may have been supplemented by the 
imposed dietary changes. It is currently unclear how the Zone diet works to 
improve performance.
Muoio et al. (27) found a HF diet lengthens time to fatigue and improves 
performance, which is in concert with the anecdotal findings of Sear's "Zone 
Diet”. This study compared two diets with varying amounts of CHO and fat and 
the effect on time to exhaustion. The HF diet contained 50% CHO and 38% fat, 
while the HCHO diet consisted of 73% CHO and 15% fat. Both diets contained 
12% protein and 3,500 calories. Muoio et al. evaluated prolonged performance 
after a high-intensity exercise bout to fotigue. The high intensity bout was 
performed at 85% V02 max to deplete glycogen stores, and then 30 min of 
exercise was performed at 75-80% V 02 max (27). The above study was a 
prototype for future research could be drawn, utilizing more accurate protocol 
and metabolic measures.
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Sherman and co-workers (35) compared the effects of a  moderate (42% 
CHO) or a HCHO (84% CHO) diet on muscle glycogen and performance in 
cyclists and runners. The subjects were on a control diet for five days prior to the 
experiment. The control diet consisted of 67% CHO, 15% protein, and 18% fat. 
Subjects were also given one 18% CHO beverage during the control phase to 
familiarize them with liquid diet supplementation. The subjects were randomly 
assigned in a double blind design to either the moderate or HCHO diet for seven 
days. During this period the subjects were randomly assigned to consume a  diet 
with either five or ten grams of carbohydrate/kg/day. The diets were 
supplemented with a drink containing 18% maltodextrin. The subjects consumed 
660mL (moderate CHO) and 830mL (HCHO) with the evening meal. Each meal 
was provided at the same time every day and snacks consisting of raw 
vegetables were provided. Extra CHO provided by the HCHO diet did not result 
in a significant increase in performance times following an endurance test. The 
testing occurred on the seventh day after the normal training session. Subjects 
rested for five minutes and then performed two maximal performance trials at 
80% peak V02 until fatigue, which were separated by five minutes of rest. The 
mean performance time for the cyclists on the moderate CHO diet was 550 ± 85 
seconds and 613 ±45 seconds on the HCHO. The runners’ who consumed a 
similar diet ran 613 ± 36 seconds on the moderate CHO and 560 ±106 seconds 
on the HCHO; however, the differences were not significant (35).
Helge et al. (19) utilized a HF diet consisting of 21% CHO, 17% protein, 
and 62% fat, while the HCHO diet consisted of 65% CHO, 15% protein, and 20%
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fat. This was done to compare improvements in exercise performance when 
62% of the energy was from fat vs. 65% of the energy from CHO (19). 
Participants were randomly assigned to either dietary group. For seven weeks, 
the subjects consumed meals appropriate to the respective diet and participated 
in aerobic training on bicycle ergometers. The supervised training program 
consisted of 60-75 minutes of exercise a t 50-85% V02 max three times a week 
for the first four weeks and four times a week for the last four weeks.
Researchers concluded that a CHO-rich diet increased endurance performance 
by 56% compared to the HF diet (19).
Historically, researchers have agreed that high CHO diets are needed for 
optimal performance (6,7,11). The 1991 Consensus Conference of Foods, 
Nutrition, and Sports Performance stated, "In the optimum diet for most sports, 
CHO is likely to contribute 60-70% of the total energy intake and protein 12%, 
with the remainder coming from fat (18)." Williams (38) assessed running time to 
exhaustion and found endurance capacity improved after CHO loading 2-3 days 
prior to exercise/ Helge, et al. found the HCHO diet to be superior to the HF diet 
in regards to improvement of performance during the first two months of training 
(19).
Controversy between the effects of a  HF and a  HCHO diet on time to 
fatigue continues. Both diets have been shown to improve performance in both 
trained athletes and untrained subjects. Those who are trained have an 
improved capacity for utilizing fat as fuel for exercise.
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Intensity of Activity
The prescribed V02 max for the endurance testing varies based on the 
fitness level of the subjects in the study. In the study by Muoio, et al., 
researchers glycogen depleted trained runners (mean V02 max =63.7 ml/kg/min 
±) prior to the endurance test (27). Subjects first performed a progressive 
maximal test, rested for five minutes and then performed an endurance test. The 
subjects began working at 85% of their V02 max for the first 30 minutes to 
facilitate glycogen depletion. After 30 minutes the workload was adjusted so 
subjects were working at 75-80% V02 max. The investigators discovered that 
subjects had an increased time to fatigue on the HF diet (27).
Sherman and coworkers (35) discovered no difference in time to fatigue 
when comparing a HCHO (84% CHO) to a moderate CHO (42% CHO) diet (37). 
The subjects, who were trained cyclists (mean V02 max = 59 ml/kg/min ± 3) 
began the study with a control diet and exercise period of five days. During this 
period the subjects exercised at 75% of their V02 max. Then the subjects began 
the seven-day experimental period, during which they exercised for one hour at 
75% V02 max. Following this experimental period subjects performed an 
endurance test that consisted of two consecutive cycling or running tests at 80% 
V02 max, separated by five minutes (35).
Phinney et al. (30) measured the endurance of athletes that had a mean 
V02 max of 5.0 L/min ±0.18. Subjects ingested two diets a  eucaloric balance 
diet for four weeks, which consisted of 35-50 kcal/ kg/day, 1.75 g protein/kg/day, 
and remainder two-thirds CHO and one-third fat. The next four weeks the
19
subjects ingested an eucaloric ketogenic diet of less than 20 grams CHO daily. 
The researchers determined that there was no difference in time to fatigue 
between these two diets when subjects exercised at 62-64% V 02 max. They 
concluded subjects had a mean endurance time of 147 minutes on the balanced 
diet and 151 minutes on the ketogenic diet. This may be explained by the fact 
that fat oxidation has been shown to supply approximately one half of the energy 
required when exercising at 70% V02 max, and only one third of the energy for 
exercising at intensities greater than 85% V02 max for 10-30 minutes (24). 
Therefore, the need for sufficient CHO becomes apparent in order to maintain 
glycogen stores (20).
Effect of Dietary Changes and Exercise on Mood State
Altering fat and CHO intake has been shown to cause changes in mood in 
humans. Researchers have found the Profile of Mood States (POMS) to be a 
reliable measurement of mood in young adults prior to or following exercises.
The following guidelines can be given on how to answer the POMS, such as, 
“How did you feel during the past week? How did you feel during the exercise 
test?, and How did you feel today?" The POMS evaluates six variables: tension, 
depression, anger, vigor, fatigue, and confusion. A total mood score was 
calculated by summing the five negative variables, subtracting vigor and adding 
100 to avoid negative values (26). According to Keith, a higher score indicates a 
heightened mood state; for example a  high-tension score correlates with 
increased tension (22). “All scales have internal consistency approximating
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R=0.90 and evidence of construct and predictive validity" (33). The POMS short 
form has comparable validity to the long form.
It has been reported that during the LCHO consumption phase of a 
traditional glycogen-loading program, athletes often experience greater irritability 
and depression (33). Prusaczyk, et al. (33) conducted a study on males with 
mean percent body fat of 15.7% and V02 max 52.9 ml/kg min. Subjects were 
directed to maintain their normal activity level during the dietary manipulation.
The POMS was given to determine “whether controlled dietary consumption of 
differing fat-protein-CHO composition following glycogen depleting exercise had 
any effect on the subjects' mood states (33).” Subjects were asked to complete 
the POMS weekly for four weeks during each dietary manipulation. Subjects 
consumed each diet for three days followed by a three-day record of their normal 
diet. Subjects consumed three diets that differed in percentages of fat, protein 
and CHO. The HCHO diet consisted of 95% CHO, 2.5% protein, and 2.5% fat, 
LCHO diet contained 20% CHO, 20% protein, and 55% fat, and the normal 
mixed diet contained 55% CHO, 15% protein, and 30% fa t Three days prior to 
the HCHO and the LCHO dietary manipulations, subjects performed glycogen- 
depleting exercise by cycling at 70 rpm at 60% V 02 max until fatigue. After a 
five-minute rest they then performed one-minute cycling bouts at 115% of V 02 
max with one-minute rest periods until the prescribed pedal rate could no longer 
be maintained. After each dietary manipulation, subjects performed a 
progressive, load-incremented cycling test to peak oxygen uptake. Researchers 
found no significant difference among the four conditions for mean total mood
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scores and there were no significant differences among conditions on any sub­
scale score.
Keith et al. (22) examined “trained” female cyclists who cycled a minimum 
of 1 hour, 5 days per week. The subjects began the study on an uncontrolled 
diet. They exercised to fatigue on day one and then began consuming one of 
three diets for seven days. The diets were consumed in random order, were 
isocaloric, and varied in CHO levels (25%. 50%, and 75%), respectively. The 
caloric content of the diets was personalized based on the individual's height, 
weight, activity level and baseline dietary pattern information (obtained from the 
pre-study session). The POMS was given at the end of each week and prior to 
the cycling bout to fatigue. The results indicated that the LCHO diet (25% CHO) 
had an adverse affect on total mood score as compared to the moderate CHO 
and HCHO diets. There were no significant differences between the moderate 
CHO and the HCHO in total mood score or any subcategory indicating that 
moderate CHO consumption is sufficient to maintain mood (22).
The results of Prusaczyk et al. (33) differ from those of Keith et al., (22) 
who found that seven days on diets of differing CHO showed significant changes 
in POMS total mood scores and sub-scale scores of females undergoing cycling 
training. Subjects had an increase in depression, tension and anger and 
decreased vigor on a LCHO d iet Prusaczyk et al. suggests that the differing 
results may be due to differences in gender, training history and fitness levels 
(33).
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A dietary change is not the only variable that can cause changes in mood 
states. Researchers have utilized the POMS to determine if athletes who 
dramatically increase or alter their training level have an eftect on mood. 
Researchers have determined that when athletes have increased their training 
level, they also experience increases in depression, anger, and fatigue (27). 
Summary
The current investigation will include untrained males (exercise < 4 
x/week) performing at 55% V02 max in a walking endurance te s t  In the studies 
discussed earlier, researchers based the workload of the endurance test on the 
fitness level of the subjects. The subjects will maintain their normal exercise 
routine as in previous studies to control for the dietary effects and not the training 
effects.
The subjects will consume and record both a HF and HCHO diet for seven 
days. Based on previous studies, seven days was sufficient to effect time to 
fatigue (22, 27). In addition, several dieticians were consulted and agreed that 
seven days was sufficient time for diet to affect performance.
CHAPTER 3 
METHODS
Exclusion Criteria
Prior to agreeing to participate in the study, subjects were verbally asked if 
they possessed any of the following coronary artery disease risk factors, taken 
from the ACSM Guidelines. Subjects were allowed to possess no more than one 
of the following in order to be considered "Apparently Healthy" (1):
1) Age greater than 45
2) Myocardial infarction or sudden death before 55 
years of age in father or other male first degree 
relative, or before 65 years of age in mother or other 
first degree female relative.
3) Current cigarette smoker
4) Hypertension, defined as blood pressure of greater 
than 140/90 mmHg, which has been confirmed on two 
separate occasions or on antihypertensive 
medication.
5) Hypercholesterolemia, defined as  total serum 
cholesterol greater than 200
ml/dL, or high-density lipoprotein less than 35 mg/dL
6) Diabetes mellitus, defined as persons with insulin 
dependent diabetes mellitus (IDDM) who are greater 
than 30 years of age or have had IDDM greater than 
15 years and persons with non-insulin dependent 
diabetes mellitus who are greater then 35 years of 
age.
7) Sedentary lifestyle/physical inactivity, defined as 
persons comprising the least active 25% of the 
population, and have a combination of sedentary jobs 
involving sitting for majority of the day and no regular 
exercise or active recreational pursuits.
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If subjects answered yes to more than one question, they were disqualified from 
being in the study.
In addition, subjects were excluded if they have any known orthopedic 
injuries or back problems within the past year. Possession of one or more 
absolute contraindications for exercise testing (ACSM’s Guidelines; Appendix B) 
resulted in exclusion from the study.
Subjects
Six untrained, healthy males between 24-32 years of age served as 
volunteers. An untrained subject was defined as one who exercises less than 
four times per week. Subjects were recruited from Grand Valley State University 
and the surrounding Grand Rapids area.
Subjects were introduced to the study via a phone call and during the first 
testing day, in which an explanation of the study was provided and all questions 
were addressed. Dietary log sheets, exercise log sheets, medical history form, 
and informed consent were distributed for subjects to complete. Subjects were 
instructed to complete the dietary log sheets every day for three weeks. The 
exercise log sheet was filled out on a  daily basis. These forms were returned to 
the testers each testing date. Subjects were instructed to maintain their current 
exercise regimen.
Preliminary Screening
The study was conducted in the Grand Valley State University Human 
Performance Lab (HPL). Subjects arrived at the testing site for pre-test 
instruction and for all testing procedures. Subjects signed an informed consent in
25
compliance with the Human Subjects Review Board of Grand Valley State 
University. A medical history form was completed, followed by a physiologic 
screening performed by a registered nurse, and included blood pressure (BP), 
resting heart rate (HR) and lung sounds. A physical therapy student performed 
an orthopedic evaluation on each subject for strength and range of motion 
(ROM). Subjects’ height and weight (Toledo Scale Company) were recorded to 
the nearest % inch and % pound, respectively. Body fat composition was 
assessed by a trained technician using the three site method of Jackson and 
Pollock (4,14, 37).
Preliminary Testing
Each participant performed a maximal graded exercise test (GXT) to 
volitional fatigue to determine the workload for the endurance test. Subjects 
began with a two-minute warm-up on a treadmill (Quinton Instrument Company, 
Seattle, Washington) at 3.0-3.5 mph, 0% grade followed by the Modified Balke 
regimen (1). A technician monitored a 12-lead electrocardiogram (EKG), which 
measured heart rate (HR) and electrical activity throughout the GXT. RPE, 
expired gases and pulmonary ventilation were monitored continuously at each 
stage of the GXT. Maximal effort was defined as meeting two of the following 
criteria: (1).
1) Failure of HR to increase with further increases in 
intensity
2) Plateau in 0 2  uptake (or failure to increase 0 2  
uptake by 150 ml/min) with increased workload.
While this is the criterion measure, a plateau is 
infrequently seen during continuous graded exercise 
testing.
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3) R greater than 1.15
4) Venous lactic acid concentration of greater than 8 
mmol has also been used; however this requires a 
mixed venous blood sample and there is greater inter­
individual variability in this response.
5) RPE greater than 17 (6-20 scale)
Experimental Manipulation
Subjects returned to the testing site after seven days on each dietary 
manipulation to perform the endurance test. Upon arrival at the HPL, body 
weight was measured and body fat composition was estimated via Lange 
calipers. Volunteers sat quietly for ten minutes while completing the pre-exercise 
POMS. Resting heart rate and blood pressure were then measured. Subjects 
completed an endurance test to fatigue at 55% V02 max. HR was monitored 
continuously. RPE was obtained every two minutes and V02, VC02 and the R- 
value were recorded every minute. Subjects completed a POMS following the 
endurance te s t 
Description of the Diet
Subjects were placed on one of two different diets, a HF diet or a HCHO 
die t The HF diet consisted of 45% CHO, 15% protein, 40% fat and the HCHO 
diet consisted of 70% CHO, 15% protein, and 15% M . The subjects recorded 
their daily exercise and dietary intake throughout the duration of the trials. Forms 
were supplied for the documentation of this information. (Appendix F) The 
subjects consurried each diet for seven days, separated by seven days of normal 
diet. During week one, subjects were randomly assigned to either the HF or
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HCHO diet Subjects then consumed a nomnai diet during week two. During this 
time, subjects continued to record daily exercise and dietary habits. Finally, 
subjects consumed the altemate diet for seven days.
Dietary logs were analyzed using the Food Processor® (version 6.22, 
Nutrition Analysis and Fitness Software, esha Research, Salem, Oregon). Both 
the HF and HCHO diets were isocaloric and contained similar protein contents. 
Daily caloric needs for each subject were calculated via the Harris Benedict 
Formula, which considered height, weight, age and activity level. The 
researchers then determined the number of grams of each substrate. Utilizing 
the serving sizes according to the American Diabetic Association, the number of 
servings of each food group to be consumed was determined. Subjects were 
given a list of food selections that constituted one serving from which to choose. 
Subjects were informed of the number of servings from each food group that they 
should select to ensure the dietary percentages were maintained (12). 
Equipment and Instruments
Oxygen cbnsumption, ventilation, and respiratory exchange ratio (RER) 
were measured using the Beckman Medical Gas Analyzer LB-2 and the 
Beckman 0 2  Analyzer OM-11 (Beckman Instruments, Inc. Anaheim, Califomia). 
Heart rate was monitored continuously using surface electrodes (Positiace 
Conmed Corporation, Utica, New York) during the maximal GXT and a  Polar 
Beat HR Monitor (Polar Electro Incorporated, Port Washington, New York) during 
the endurance tests. The analyzers were recalibrated prior to each trial.
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The rating of perceived exertion (RPE) was determined using the Borg 
Scale (Appendix D). The RPE scale is a subjective assessm ent of the perceived 
exercise intensity. The scale ranged from 6 -20, 6 being the lowest level of 
exertion and 20 being the highest.
Lange skinfold calipers (Cambridge Instrument Company, Cambridge, 
Massachusetts) were used to measure skinfold thickness to estimate percent 
body fat. The skinfold measurements were obtained in triplicate at the chest, 
thigh, and abdomen (4,14, 37). The average for each site was totaled and the 
appropriate generalized equation and nomogram was used to estimate percent 
body fat (4,14, 37). Measurements were repeated until three were obtained 
within 1 mm. One tester measured the preliminary body fat composition and 
another tester measured the experimental body fat composition.
Data Analysis
Data were analyzed via a two-way repeated measures analysis of 
variance (ANOVA). The two-way repeated measures ANOVA was used because 
“each subject is exposed to all levels of two qualitative variables and measured 
on a quantitative variable during each exposure” (31). The qualitative variables 
or repeated-measures factors in this study were the HF and HCHO diets. The 
quantitative variables were time to fatigue, percent body fat, total body weight, 
and psychometric variables of the POMS.
CHAPTER 4  
RESULTS
Characteristics of subjects
Six untrained males volunteered to participate, however only five 
subjects’ data were analyzed. The subject was excluded because it was 
determined from the dietary analysis that the diet had not altered at any time.
The subjects’ mean weight, height, and age were 86.5 kg (± 4.38), 179.9 
cm (± 3.99), and 26.7 years (± 2.69), respectively. The mean V02 max 40.2 
ml/kg/min (± 5.73) or 3.4 L/min (± 0.51). (Table 1)
Table 1. Descriptive Characteristics (Mean ± SD, N=5)
Subject WtoigM
(kg)
Height
(cm)
Age
(years)
V02M ax
(L/min)
V02M ax
(rnMtg/min)
Body Fat 
(%)
Resting BP 
(mm HO)
Resting HR 
(bpm)
1 80.4 180.3 26 3.2 40.0 12.7 110/62 74
2 86.7 180.3 24 3.5 39.9 17.7 118/62 68
3 94.4 175.3 24 2.7 28.7 16.7 120/72 84
4 86.3 177.8 27 3.5 41.1 13.6 138/72 68
5 88.1 188.0 32 4.1 46.5 8.3 102«2 84
Mean 87
11.07
180.3 ± 
5.02
26.6 ± 
3.29
3.4 ± 
0.51
39.2 ± 
6.49
14.2 ± 
4.18
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POMS
Subjects completed the POMS questionnaire four times. Each subject 
completed the POMS upon arrival at the testing site and immediately following 
each endurance test. The psychometric variables (tension, depression, anger, 
vigor, fatigue, confusion, total mood score (TMS)) of the POMS were compared 
among each diet (pre- and post- exercise) and between diets (pre-exercise 
HCHO/pre-exercise HF and post exercise HCHO/post exercise HF). The results 
are shown in Tables 2- 5. There were no differences in psychometric variables 
due to the endurance test between pre and post exercise for either diet Nor 
were there any differences in psychometric variables between HF or HCHO diet 
at any time.
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Table 2. Effect of Diet on Profile of Mood S tates (POMS) (Mean ± SEM; N=5)
Variable HF Pre- Exercise HCHO Pre-Ex,
Tension 3.17 ±0.72 3.17 ±0.72
Depression 1.83 ±0.57 3.50 ± 0.78
Anger 2.50 ± 0.65 4.00 ± 0.83
Vigor 7.33 ± 0.82 6.83 ± 0.69
Fatigue 6.17 ± 0.60 4.17 ±0.83
Confusion 1.33 ±0.45 2.17 ±0.54
TMS 107.67 ±0.77 110.17 ±1.53
Table 3. Effect of Diet and Exercise to Exhaustion on Profile of Mood 
S tates (POMS) (Mean ± SEM; N=5)
Variable HF Post-Exercise HCHO Post- Exercise
Tension 1.67 ±0.41 5.33 ± 0.80
Depression 0.33 ± 0.35 1.50 ±0.63
Anger 1.17 ±0.69 2.50 ± 0.80
Vigor 5.17 ±0.82 4.17 ±0.71
Fatigue 7.33 ± 0.82 8.50 ± 0.97
Confusion 1.33 ±0.41 3.33 ± 0.95
TMS 106.67 ±0.81 117.0 ±1.64
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Table 4. Effect o f Diet and Exercise to Exhaustion on Profile of Mood 
States (POMS) (Mean ± SEM; N=5)
Variable HF Pre- Exercise HF Post-Exercise
Tension 3.17 ±0.72 1.67 ±0.41
Depression 1.83 ±0.57 0.33 ± 0.35
Anger 2.50 ± 0.65 1.17 ±0.69
Vigor 7.33 ± 0.82 5.17 ±0.82
Fatigue 6.17 ±0.60 7.33 ± 0.82
Confusion 1.33 ±0.45 1.33 ±0.41
TMS 107.67 ±0.77 106.67 ±0.81
Table 5. Effect of Diet and Exercise to 
S tates (POMS) (Mean ± SEM; N=5) 
Variable HCHO Pre-Exercise
Exhaustion on Profile of Mood 
HCHO Post- Exercise
Tension 3.17 ±0.72 5.33 ± 0.80
Depression 3.50 ± 0.78 1.50 ±0.63
Anger 4.00 ± 0.83 2.50 ± 0.80
Vigor 6.83 ± 0.69 4.17 ±0.71
Fatigue 4.19 ±0.83 8.50 ± 0.97
Confusion 2.17 ±0.54 3.33 ± 0.95
TMS 110.17 ±1.53 117.0 ± 1.64
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Time to Fatigue
Subjects performed a walking endurance test to volitional W gue following 
both a HF and HCHO d ie t The mean time to fatigue while on the HF diet was 
56.44 minutes (± 2.20) and 58.52 minutes (± 2.11) for the HCHO diet (Figure 1). 
The average exercise time was greater in the HCHO group as compared to the 
HF group, however these values were not significantly different
Figure 1. BFfect of High Fat (FF) and high Cartxihydrate(HCHQ^  Diets on
VVMMngTrnne to Fatigue
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Body Fat Composition
Percent body fat was measured at the preliminary screening and following 
each diet (Figure 2). There were no differences in percent body fat between 
baseline, post HF or HCHO diets. The baseline percent body fat was 14.3% (± 
0.8) (Mean ± SEM). Following seven days of a HF diet, percent body fat was 
12.8% (±0.8), and after the HCHO diet, 12.28% (± 0.81).
Hgu»2. TheEHiBC*»of andHgfiCaAoÊyhÈB(HCHO) Body F«t
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Body Weight
Body weight was measured during the preliminary screening and following 
each diet. As evident from Figure 3, the body weight remained relatively 
constant throughout the course of the study. Diet did not have a significant effect 
on body weight, (p<0.05). Baseline body weight was 86.5 kg (± 0.9) (Mean 
±SEM). Body weight following the HF diet was 87.2 kg ± (0.9) and was 86.44 kg 
(± 0.9) (Mean ± SEM) after the HCHO diet
Ftgui* 3. Efféct of High Fat (HF) and  High Carbohydrata (HCHO) Diata on Body WMght (kg) (N«S)
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Diet
Table 6 provides percentages of CHO, protein and fat intake for each 
subject while on the HCHO, HF, and normal diet. Figure 4 provides mean 
percentages of CHO, protein and fat for each diet. The HF diet consisted of 45% 
(± 10) CHO, 17% (± 6) protein, and 36% (± 8) fat (Mean ± SEM). The HCHO diet 
consisted of 65% (±11) CHO, 16% (± 7) protein, and 18% (± 9) fat (Mean ± 
SEM). Subjects’ normal diet was also analyzed to determine if subjects changed 
their dietary intake. The normal diet consisted of 50% (±11) CHO, 19% (± 8) 
protein, 30% (± 8) fiat (Mean ± SEM).
CHO intake was compared between the baseline, HF, and HCHO trials 
and found to be significantly different (p<_0.05) between the HCHO and normal 
diets ( 65% CHO and 50% CHO respectively). However, there was no significant 
difference in CHO consumption between the HF (45% CHO) and normal diet 
(50% CHO). Fat intake was also compared between the diets and found to be 
significantly different between all three (18% fat on HCHO diet, 36% fiat on HF 
diet, 30% fiat on normal diet). Protein intake remained consistent between all 
diets (16% protein on HCHO diet, 17% protein on HF diet, 19% protein on normal 
diet) (Figure 4).
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Table 6. Mean Percentage o f Substrate Intake During HF, HCHO and 
Normal Diets (Mean ± SEM) (n=5)
High Fat Diet (Recommended 45% CHO. 15% protein. 40% fat)
Subiects CHO Fat Protein
1 36.7% 41.0% 19.8%
2 52.0% 32.3% 15.6%
3 47.0% 33.6% 17.7%
4 40.4% 39.3% 17.4%
5 48.5% 36.2% 14.8%
Mean 45% ±10* 36% ± 8 $ 17% ± 6
Subiects CHO Fat Protein
1 53.7% 24.3% 20.3%
2 70.4% 15.0% 14.7%
3 67:3% 18.8% 13.7%
4 63f6% 17.4% 13.1%
5 68 8% 12.1% 17.7%
Mean 65% ±11*# 18% ± 9 $ 16% ± 7
Normal Diet
Subiects CHO Fat Protein
1 46.1% 29.6% 24.7%
2 50.7% 31.0% 18.3%
3 47.4% 31.9% 16.3%
4 42.3% 34.0% 19.0%
5 61.5% 23.0% 14.3%
Mean 50% ± 1 1 #  30% ± 8 $ 19% ± 8
Like symbols (*, $, #) represent significant difference between diets (p ^  0.05)
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Figure 4. Mean Percent Fat and Cartw hydrate Intake on Three Dietary Regimens
(Mean ± SEM) (n«5).
Like symbols (*, S. #) represent significant difference between diets (p <.0.05).
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V02 Measurements
The intensity for 55% V02 max for each subject is shown in Table 7. 
Table 7 illustrates subjects did not work at 55% V02 max throughout the test. 
The chart provides the workload subjects should have been working at and their 
ending V02. The resultant mean V02 during the endurance trial following the 
HF and HCHO diets were 30.0 ml/kg/min (± 1.0) and 31.2 ml/kg/min (± 0.8) 
(Mean ± SEM), respectively.
Table 7. Predicted Workload and Resultant Oxygen Consumption for 
Subjects Performing an Endurance Test (Mean ± SEM) (N=S)
Subject
Number
55% V02max 
(ml/kg/min)
HF Ending V02  
(ml/kg/min)
HCHO Ending V02  
(ml/kg/min)
1 22.0 29.1 28.2
2 22.0 33.6 31.9
3 15.5 21.0 29.6
4 22.6 30.2 28.6
5 25.7 36.0 37.9
Mean ± SEM 21.6 ± 0 .8 30.0 ± 1 .0 31.2 ±0 .8
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Rvalue
Throughout both endurance tests. R (VC02/V02) was measured every 
minute utilizing a gas collection mask. The trend of the R-value can be seen in 
figures 5-9, which are graphical representations of the changes seen  in the R- 
value of each subject Although not statistically significant. R was consistently 
higher while on a carbohydrate diet for all subjects during the endurance bout.
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Figure S. Effect of Diet on Substrate Utilization During Endurance Triai to
Fatigue (n=1) (Subject 1)
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Figure 6. Effect of Diet on Substrate Utilization During Endurance
Trial to Fatigue (n=1) (Subject 2)
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CHAPTER 5 
DISCUSSION AND IMPLICATIONS
Discussion of findlnas
The purpose of the present study was to determine if there was a 
difference in time to fatigue when consuming either a HF or HCHO diet. In 
addition, the effect of diet on various psychometric measures using the POMS 
instrument was investigated. One hypothesis was that there would be no 
difference in time to fatigue after consuming either a HF or HCHO diet for seven 
days. For statistical analysis, alpha was set at 0.05.
The subjects recruited for the current investigation were untrained or 
recreationally active males. Previous investigators have used studied both 
trained and untrained subjects and found significance differences in time to 
fatigue (20, 27). In the current study there was no significant difference in time to 
fatigue.
Diet Composition
Subjects, with one exception, consumed a  higher percentage of fat while 
on the HF vs. HCHO diet The subject was excluded from the analysis because 
fat consumption did not change from baseline in either of the diets. Mean intake 
of the substrates consumed on each diet is contained in Figure 4 and Table 3. 
While on the HF diet subjects consumed a significantly greater amount of fat (36 
% ± 8) compared to the HCHO diet (18% ± 9) and the normal diet (30% ±8). 
However, the subjects' mean CHO intake was not significantly different between 
the normal diet and the HF diet, indicating that the subjects did not change CHO
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intake when on the HF diet The fat and CHO percentages of the HCHO diet 
were significantly different compared to both the normal diet and to the HF diet. 
Protein remained fairly consistent between the two experimental diets and the 
normal diet, however it did vary a  little between the three diets. Mean protein 
intake on the normal diet was 19%, on the HCHO diet was 16%, and on the HF 
diet was 17%. However, the difference in protein was not statistically significant.
Subjects were expected to follow the HCHO diet consisting of 70% CHO, 
15% protein, and 15% fat, and the HF diet consisting of 45% CHO, 15% protein, 
and 40% fat. The mean intake that was ingested on the HCHO consisted of 65% 
CHO, 16% protein, and 18% fat and on the HF consisted of 45% CHO, 17% 
protein, and 36% fat. These numbers are close to the recommended dietary 
intake. It appears that subjects had difficulty consuming 40% fat on the HF diet 
and 70% CHO dh the HCHO diet.
The subject that was excluded from the study consumed 27.9% fat while 
on the HCHO diet and 27.1% fat while on the HF diet, indicating subject 2 may 
be fat phobic. Another possible explanation for this is that the subject did not 
understand the diets when they were explained to him. However, the diet was 
explained to all subjects by the sam e researcher, and questions were answered 
to each individual's satisfaction. Adherence to the diet could have been ensured 
if the subject's diet was controlled in a laboratory setting, as in Sherman et al.'s 
study (35) or if diets were prepared in a metabolic kitchen and delivered to the 
subjects (20).
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Performance
There was a 4% increase in time to fatigue following the HCHO (58.52 min 
± 2.11) diet compared to the HF diet (56.44 min ± 2.20), although this increase 
was not statistically significant. There are several potential explanations 
including sample size, fitness level of subjects, dietary control, and exercise 
intensity.
Previously Muoio et al. (27) found time to fatigue to be 20% greater for 
athletes consuming a HF and a HCHO diet. However, an effort was made to 
deplete muscle glycogen stores prior to performing the endurance test. Subjects 
performed a graded exercise test to fatigue, rested for 30 minutes, and 
performed an endurance test to fatigue. The endurance test began at 85% V02 
max for the first 30 minutes and decreased to 75-80% until the subjects fatigued 
(27). The protocol utilized in the current study is quite different from the protocol 
utilized by Muoio and co-workers. Subjects began the endurance test at 55% 
V02 max, but the V02 increased to 80% V02 max by the end.
In addition, the subjects in Muoio et al.'s study were aerobically trained 
with a V02 max of 63.7ml/kg/min (27). In the present study, the mean V02 max 
was 39.2 ml/kg/min ± 6.49 (3.4 L/min ± 0.51). Another author (35) required 
subjects to a c h i^ e  a V02 max greater than or equal to 4 L/min to be included in 
the study. There was a difference in the level of fitness of the subjects in 
Sherman's and Muoio’s studies and the current study (27, 35). In Muoio’s study, 
researchers found that a HF diet Increased time to fatigue, however in Sherman's 
study researchers found that there was no difference in time to fatigue when
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comparing a HCHO diet to a moderate CHO diet. However, another study 
utilized untrained subjects who had a V02 max of 3.7L/min, (19, 20), which is 
very close to the subjects in the current study. This researcher determined that a 
HCHO diet increases time to fatigue after seven weeks (19), but after four weeks 
there was no difference in time to fatigue between the HF and HCHO diets (20).
Subjects included in the current study were required to exercise four or 
less times per week. The subjects maintain their current exercise regimen 
throughout the study to eliminate the effect of training on substrate utilization. 
Daily exercise was recorded to monitor any changes in activity level. They 
exercised on the average of two to three times per week. Other studies included 
a specific or defined group such as collegiate distance runners (27) who ran a 
minimum of 50 miles/week, or subject who ran 40 miles per week for a minimum 
of ten years (29). Other researchers used untrained males who then participated 
in a training program (19, 20). Still others studied runners and cyclists and 
controlled both their diet and their exercise for two weeks (35). Thus, a 
homogeneous exercise group was studied, unlike the current investigation, which 
had subjects that performed a wide variety of exercises. The exercise performed 
consisted of a combination of ballroom dancing, weightlifting, walking, rock 
climbing, running, or Tae Bo®.
The subjects performed a walking treadmill test to fatigue because walking 
is a familiar activity to all subjects. Previous studies examined a specific athletic 
population; therefore researchers were able to study subjects based on their
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specificity of training. Runners were tested on the treadmill and cyclists were 
tested on the bicycle ergometer, maintaining specificity of training (35).
V02 M easurem ents
The V02 measurements displayed in table 4 show subjects did not 
maintain a workload equal to 55% V02 max. The workload estimated to elicit 
55% V02 max was determined by a mathematical equation. Oxygen 
consumption gradually increased throughout the duration of the endurance test, 
approaching values of approximately 70% V02 max. In order to maintain 55% 
V02 max, adjustments in speed or grade would have needed to be made. 
Persons performing high Intensity activities at 70% V02 max or greater are 
beginning to use more CHO. However, if a subject is working at a lower 
intensity, such as 55% they should be utilizing fat as the primary substrate. 
R-Vaiue
The trends in the R-value illustrated in Figures 5-9 portray substrate 
utilization throughout the endurance tests following both diets. The non-protein R 
is a ratio of VC02/V02 that allows the determination of substrate being utilized 
(32). A value of 1.0 suggests the body is primarily utilizing CHO while a value of
0.75 means the body is primarily utilizing fat. As illustrated by the figures, the R- 
value is > 1.0 when subjects were on the HCHO diet during the endurance test, 
meaning that CHO was the major fuel source. However, the R-value was lower 
during the HF diet, but still close to 1.0. This may suggest that the subjects were 
utilizing fat, but were still primarily utilizing CHO. This also illustrates that 
subjects were working at a higher intensity and had an increased ventilation.
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which is portrayed by the increasing V02. From the R-values it can be 
speculated that seven days is a sufficient length of time for the body to adapt to 
the dietary changes.
POMS
The current study found no difference in the POMS variables among the 
diets (pre- and post-exercise HF and HCHO) or between diets (pre-exercise 
HF/HCHO and post-exercise HF/HCHO). Keith et al. (22) studied females who 
consumed diets with varying levels of CHO (25%, 50%, and 75%) respectively. 
The results of the POMS in Keith's study indicated that the LCHO had an 
adverse effect on total mood score compared to the HCHO diet. In the current 
investigation the CHO (45% CHO in HF diet and 70% CHO in HCHO diet) 
content of the diets was not comparable to the LCHO diet that Keith examined. 
The differences in the results of Keith and the current study may also be because 
the studies investigated females who trained one-hour daily (22).
Prusaczyk, e t al. (33) found no significant differences among any of the 
sub-scale scores or the total mood score. The study used males on differing fat- 
protein-CHO diets on four occasions; each separated by one week. Subjects 
were on each diet (HCHO= 95% CHO, 2.5% protein, 2.5% fat, and LCHO= 20% 
CHO, 20% protein, 55% fat, mixed diet = 55% CHO, 15% protein, and 30% fat, 
normal diet) for a period of three days and at the end of the three days performed 
a  progressive, load incremented cycling te s t Subjects completed the POMS 
following each manipulation at the same time of day. The present investigation
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supports the findings of Prusaczyk and collaborators possibly because males 
were used in both studies and the duration of the diets were similar.
Application of practice/administration/education
The intention of this study was to provide information for moderate 
exercisers on the effect of diet on time to fatigue. However, there was a lack of 
significant differences between normal, HF, or HCHO diets and time to fatigue 
when exercising a t approximately 55% V 02 max. Therefore, it would be difficult 
to provide patients with a clear answer of which diet is better. The researchers of 
the current study support a balanced diet consisting of < 30% fat, 15% protein, 
and approximately 55% CHO (38) to improve performance as suggested by 
Williams.
In addition, the researchers wanted to obtain information regarding the 
effect of HF or HCHO diets on mood state. Specifically, it was intended to inform 
beginning exercisers of the effect a drastic change in diet might have upon mood 
state. It has been reported that LCHO diets have a  negative effect on mood 
state, leading to depression (22). Current findings are not suggestive of a 
negative effect of a LCHO diet on mood, however the CHO intake was 40% 
instead of 25% CHO. It is not understood what effect a diet less than 40% might 
have on mood state in recreational subjects.
Limitations
There are several limitations of the investigation including design, fitness 
level of subjects, dietary analysis via the Food Processor®, dietary manipulation, 
duration of the study, limited subjects and population and lack of a baseline. The
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protocol of the study is a limitation because R-values show CHO was primarily 
the substrate utilized. An R-value of 0.75 reflects fat as the fuel source for 
exercise, and our subjects did not produce values near 0.75 on the HF diet, 
which would be expected. Therefore, performing glycogen-depletion exercise 
prior to endurance testing may be beneficial to eliminate the role of glycogen 
stores on endurance. Another reason that the R-value may have been so high 
was because the subjects did not maintain 55% of their V02 max throughout the 
duration of the test. Maintenance of the desired workload would require careful 
adjustment of speed and/or grade and may be desirable to study substrate 
utilization.
Subjects in future studies should be a homogeneous group as utilized in 
previous studies (22, 27, 29, 35). The subjects in the present study performed 
various types of'exercise, which may have influenced the variations in 
performance. Recruitment of a specific athletic group, such as swimmers, 
cyclists or runners would increase the likelihood of similar training practices.
Also, the exercise of subjects should be closely monitored to prevent the 
confounding effect of exercise intensity. Sherman et al. and Helge e t al. trained 
the subjects and thus controlled the intensity of the exercise (19, 20).
Subjects were given instructions to follow both a HCHO and a  HF diet A 
daily food diary was maintained by all subjects. Occasionally, subjects did not 
include the numfier of servings they consumed, forcing the researchers to make 
assumptions. One limitation to the study was the difficulty adhering to the diet 
For example, one subject did not consume the proper amount of fat for the HF
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diet; in addition, self-report of dietary intake threatens accuracy. For example, 
the portion size and amount could be estimated rather than measured. Ideally, 
the food would be precisely controlled by having pre-weighed and pre-packaged 
meals.
There are limitations to utilizing The Food Processor® for DOS as an 
analyst of the diets. For example, some food items reported on the dietary 
records were not in the database. Thus a comparable item had to be selected in 
place of the unlisted item. This is another limitation, which could be eliminated 
by pre-packaging food for subjects.
Subjects were asked to refrain from caffeine, alcohol, and nicotine prior to 
any testing because of the potential effects upon performance. After reviewing 
the diets, it was indicated two subjects consumed alcohol the night prior to 
testing. This may have imposed some effect on the results of the subjects' test.
Another limitation may be the method of calculating the diet for each 
subject. The Hams Benedict Equation used the subjects’ height, weight, age and 
activity level to approximate daily caloric needs (kcal/d). The number of 
kilocalories from fat, protein, and fat was calculated. The kilocalories were 
converted to giams of each nutrient and, using the American Diabetic 
Association book (2), the number of servings from each food group was 
determined. Subjects may have been confused regarding selections from each 
food group to eat on a  given day. At the conclusion of the study, a dietician 
suggested supplying subjects with the number of grams of fat, carbohydrate, and 
protein to ingest daily.
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The study was not long-term and therefore the results cannot be applied 
to those who use the diet for long periods of time. The literature provides little 
information on the appropriate length of time for the body to adapt to a diet. 
Several dieticians who were contacted stated seven days would be ample time 
for subjects to adapt to a diet. Muoio et al. (27) and Sherman et al. (35) showed 
seven days was sufficient time to impose changes on time to fatigue. Therefore, 
the current study utilized seven days for the dietary manipulation phase.
Another limitation is that the results of this study can only be applied to 
healthy, untrained young males, excluding athletes, females, or anyone over the 
age of 35. This lirnits how the results can be applied to the general population. 
Also, the researchers utilized only six subjects. Had there been a greater 
number of subjects, researchers may have seen a significant difference between 
the time to fatigue following each diet
The researchers also concluded that the use of the mask to collect gases 
may decrease the time subjects are willing to walk on the treadmill. Subjects 
complained of having a dry mouth and not being able to "breathe normally” while 
wearing the mask during the tests. In addition, subject 3 was unable to utilize the 
sam e mask as the other subjects due to his face contour. His mask involved a 
separate mouth and nosepiece. The nosepiece fell off during the testing several 
times until the researchers applied an adhesive agent to help hold the piece in 
place. This caused some inaccurate data collection and interfered with precise 
results. '
56
Perhaps another limitation may be due to the learning effect on the 
second trial. Subjects were accustomed to using the mask, the treadmill, and the 
test protocol, thus improving performance.
Baseline data gathered after a normal diet would facilitate more 
comparisons between diet and fuel utilization during exercise. The current study 
obtained no baseline against which performance and POMS following 
consumption of each diet could be compared.
A final limitation may be the inclusion of the endurance time of two of our 
subjects in the results of the study. Upon reviewing the graded exercise tests, 
researchers discovered that subjects 3 and 4 did not meet all of the criteria of an 
optimal maximal te s t  Because they did not meet this criterion this may have 
skewed the results of the endurance testing because their true V02 max was not 
met.
Suggestions for further research/modifications
Further studies conducted on diet and time to fatigue will need to be 
performed on a  larger, more diverse population. The present study included 
males aged 24 to 32. Future studies could be conducted on women because 
women metabolize tets and CHO differently due to the effects of hormonal 
fluctuations. Women frequently walk more than men do for exercise so the ' 
effects of specificity of training may be seen. Another interesting group that 
could be studied is the elderly. The elderly exercise more regularly and may be 
interested in how to improve their performance. It would be interesting to see  
how they metabolize e  different substrates.
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The time that subjects are on the diet may also be changed to determine 
whether a longer or shorter time period would affect the subject’s  endurance 
time. It would also be interesting to look at the chronic effects of either a HF or 
HCHO diet and to determine if there are health risks Involved with either of these 
diets.
Future researchers may want to look at trained versus untrained subjects. 
Trained subjects metabolize fa t differently than the untrained. Other researchers 
also may wish to include a blood analysis for blood glucose, lactate, and free 
^ tty  acids muscle biopsies to look at muscle glycogen. These tests would 
provide further information on whether the substrate being utilized was coming 
from bodily stores or in the blood.
Different modes of exercise could be studied to determine if diet effects 
performance in either of these. Researchers could study swimmers, runners, or 
cyclists.
Conclusion
The results of the current study indicate that there was no difference in 
time to fatigue between HF and HCHO diets. However, it appears that seven 
days is long enough for the body to adapt to dietary changes. Also, the data 
collected by the POMS supports that certain psychometric variables on the 
POMS do not change with a  change in diet This experiment was designed as a 
pilot to be expanded upon by future researchers who do not have the time and 
financial constraints the present researchers did. The researchers acknowledge 
there are limitations, which may have affected the results of the study. Future 
research will need to have a  more controlled diet and exercise program.
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there are limitations, which may have affected the results of the study. Future 
research will need to have a more controlled diet and exercise program.
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APPENDIX A
INFORMED CONSENT FOR RESEARCH INVOLVING HUMAN SUBJECTS
Title of Project The Effect of a High Fat and High Cart>ohydrate Diet on Time to Fatigue
Principle Investigators: Julie Becker, SPT
Kelly Mattila, SPT  
Carol Weideman, PhD.
Purpose: You are being asked to participate in a research study that will compare the effect of 
high fat vs. high carbohydrate diet on time to fetigue.
Procedures and/or Compensation: If you decide to participate, a registered nurse and a student 
physical therapist will screen you. Subjects will be contacted by phone and given detailed 
information about the study and any questions will be answered. On the first visit, information 
about the study will again be provided. Subjects will receive a physical exam including height, 
weight, and body composition. If there are no reasons for you to be excluded, according to the 
"apparently healthy subject” criteria found in the American College of Sports Medicine guidelines, 
you will complete a maximal exercise test on a treadmill. Following this test, you will consume 
either a high fat (45% caitohydrate, 40% fat, 15% protein) or a high cartx)hydrate (70% 
carbohydrate, 15% fat, 15% protein) diet for seven days. You will be given instructions and a 
dietary log. You will be asked to return to the laboratory for an exercise test to fatigue. After 
arrival at the laboratory, you will be fitted with a heart watch and asked to sit quietly for 10 
minutes to complete a questionnaire regarding your mood state. You will then t>e asked to walk 
at a moderate pace (55% of your maximal effort determined from your maximal exercise test) 
until you are either no longer able to maintain the walking pace despite encouragement or you 
request to stop. During the exercise, expired gases, perceived exertion, and heart rate will be 
monitored. Following the exercise bout you will again compiete a questionnaire regarding your 
mood state. Both endurance tests will follow this protocol. Following week one, you will be asked 
to record your normal diet for one week. You will then consume the opposite diet for seven days 
and retum to the laboratory for a final endurance te s t
Risks and Discomforts: You wiii be screened by a nurse and physical therapy student prior to 
participation to identify any possible limitations you may have for completion of the study. There 
is a risk of a cardiovascular incident which may result in injury or deatii during the testing. To 
decrease the risk, your heart rate will be monitored with a 12-lead EGG, and your RPE, and BP 
will be measured during the maximal exercise te s t  Throughout the endurance test your heart rate 
will be monitored by a polar watch. There is a chance that you may experience som e muscle 
soreness after the exercise session.
Benefits and/or Compensation: The study will provide important information regarding the effects 
of high fat vs. high-cartxihydrate diet on time to fatigue. Direct benefits to the subject include an 
orthopedic exam, body fet composition and V 02 max measurements.
Confidentialitv: Ifvou indicate your willingness to participate in this study by signing this 
document, we will disclose the information at regional and national meetings. However, your 
name will not be used in any presentation or publication. Any information that is obtained in 
connection with this study that can be identified with you will remain confidential and will be 
disclosed only with your permission or required by law. Only the principal investigator and the 
assistants will have access to the data.
In the Event of IniurV: In the event of injury resulting from your participation in this study, 
treatment can be obtained at one of the local hospitals or, if necessary, will be arranged for you.
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You should understand that the costs of such treatment would be your responsitwlity. Rnanctal 
compensation is not available. In the event of injury, contact Julie Becker at 616-531-4539 or 
Kelly Mattila at 616-235-6611.
Voluntarv Participation: Participation in this study is voluntary. If you decide not to participate in 
this study, your decision wiii not affect your future relations with Grand Valley State University or 
its personnel. If you decide to participate, you are free to withdraw your consent and to 
discontinue participation at any time without penalty.
Offer to Answer Questions: Before you sign this form, please ask any questions on any aspect 
of this study that is unclear to you. You may take as much time as necessary to think this over.
AUTHORIZATION YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE IN 
THIS STUDY. YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTOOD 
THE INFORMATION PROVIDED ABOVE, HAVE HAD ALL YOUR QUESTIONS ANSWERED 
AND HAVE DECIDED TO PARTICIPATE.
Date
Time
Name of Subject (Please Print)
Signature of Subject or Legally Authorized Representative
Signature of Witness (Optional)
Signature of investigators: Julie Becker (531-4539).
Kelly Mattila (235-6611).
Carol Weideman (895-3229).
If you have any questions concerning this study beyond those answered by the investigator(s) 
including questions regarding your rights a s  a research subject or research-related injuries, 
please feel free to contact Paul Huizenga, Chair of the Grand Valley State University Human 
Subjects Review Board.
I hereby certify that I have given an explanation to the above individual of the contemplated study 
and its risks and potential complications.
Principle Investigator
I_______________________________certify that I was present at the time the explanation was
given and in my opinion, the subject understood the fectors involved. I also witnessed the 
signature of both parties atx)ve.
Date Witness
APPENDIX B 
CONTRAINDICATIONS TO EXERCISE TESTING
Absolute Contraindications:
1. A recent significant change in the resting electrocardiogram suggesting 
infarction or other acute cardiac event
2. Recent complicated myocardial infarction (unless patient is stable and pain- 
free)
3. Unstable angina
4. Uncontrolled ventricular arrhythmia
5. Uncontrolled atrial arrhythmia that compromises cardiac function
6. Third degree atrioventricular heart block without pacemaker
7. Acute congestive heart failure
8. Severe aortic stenosis
9. Suspected or known dissecting aneurysm
10. Active or suspected myocarditis or pericarditis
11. Thrombophlebitis or intracardiac thrombi
12. Recent systemic or pulmonary embolus
13. Acute infections
14. Significant emotional distress (psychosis)
Relative Contraindications:
1. Resting diastolic blood pressure >115 mmHg or resting systolic blood 
pressure > 200mmHg
2. Moderate valvular heart disease
3. Known elecrolyte abnormalities (hypokalemia, hypomagnesemia)
4. Fixed-rate pacemaker (rarely used)
5. Frequent or complex ventricular ectopy
6. Ventricular aneurysm
7. Uncontrolled metabolic disease (e.g.. diabetes, thyrotoxicosis, or 
myxedema)
8. Chronic infectious disease (e.g., mononucleosis, hepatitis, AIDS)
9. Neuromuscular, musculoskeletal, or rheumatoid disorders that are 
exacerbated by exercise
10. Advanced or complicated pregnancy
Adapted from American College of Sports Medicine. 1986 Guidelines for 
Exercise Testing and Prescription. Lea & Febiger. Philadelphia, PA, pp.42.
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APPENDIX C 
EXCHANGE LISTS FOR MEAL PLANNING
Each of the following provides one serving
Cereals, grains, pasta
Bran cereals, concentrated (such as All Bran®) 
Bran cereals, flaked 
Cooked cereals 
Commeal (dry)
Grape-Nuts®
Other ready-to-eat unsweetened cereals 
Pasta (cooked)
Puffed cereal
Rice, white or brown (cooked)
Shredded wheat 
Wheat germ
Dried Beans, oeas. lentils 
Beans and peas (cooked)
(such as kidney, white, split, blackeye)
Lentils (cooked)
Baked beans
1/3 cup 
%cup 
% cup 
21/2 Tbsp. 
STbsp.
% cup 
%cup 
1 % cups 
1/3 cup 
%cup 
3 Tbsp.
1/3 cup
1/3 cup 
% cup
Starchy Vegetables 
Com
Com on cob, 6 inches long 
Lima beans
Peas, green (canned or frozen) 
Potato, baked 
Potato, mashed
Squash, winter (acom, buttemut) 
Yam, sweet potato, plain
Bread
Bagel
Bread sticks, crisp 4 in. long x 14 in. 
Croutons, lowfat 
English muffin
Frankfurter or hamburger bun 
Pita, 6 in. across 
Plain roll, small 
Raisin, unfrosted 
Rye, pumpernickel 
Tortilla, 6 in. across
14 cup 
1
14 cup 
14 cup
1 sm. (3 oz.) 
14 cup 
1 cup 
1/3 cup
14 (1 oz.)
2 (2/3 oz.)
1 cup 
%
14 (1 oz.)
14
1 (1 oz.)
1 slice (1 oz.) 
1 slice (1 oz.) 
1
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White (including French. Italian)
Whole wheat 
Crackers/Snacks 
Animal crackers
Graham crackers. 21 /2  inch square 
Melba toast 
Oyster crackers
Popcorn (popped, no fat added)
Pretzels
Rye crisp. 2 In. x 3 1/2 in.
Saltine-type crackers 
Whole-wheat crackers, no fat added
Starch Foods Prepared With Fat
Biscuit, 2 1/2 in. across
Chow mein noodles
Com bread. 2 in. cube
Cracker, round butter type
French Aied potatoes. 2 in. to 3 1/2 long
Muffin, plain, small
Pancake. 4 in. across
Stuffing, bread (prepared)
Taco shell, 6 in. across 
Waffle. 4 1/2 in. square
Whole-wheat crackers, fat added (such as  Triscuit®)
Cooked vegetables 
Artichoke 
Asparagus 
Beets, sliced 
Broccoli
Brussels sprouts 
Cabbage, shredded 
Carrot
Carrot, shredded 
Carrot, sliced 
Cauliflower 
Chickpeas
Collard greens, chopped
Com
Eggplant
French fries
Kale
Leeks
Lima beans
Mushrooms (boiled)
1 slice (1 oz.) 
1 slice (1 oz.)
8
3
3/4 oz.
24
3 cups 
3/4 oz.
4 
6
2-4 slices
1/2 cup
1 (2 oz.) 
6
10
1
2
1/4 cup 
2 
1
4-6
1 medium 
1 cup 
1/2 cup 
1 % cups 
1 % cups 
1 1/3 cups 
1
1 cup 
1/2 cup
2 cups 
% cup 
2 cups 
1/4 cup
1 % cups 
5
1 Va c u p s  
1 cup 
1/4 cup 
1 cup
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Okra, sliced
Onions, chopped (boiled)
Parsnip
Peas
Pinto beans 
Potato, baked 
Potato, boiled .
Potato, mashed 
Refried beans 
Sauerkraut 
Spinach, chopped 
Swiss chard, chopped 
Turnip greens, chopped 
Turnip, mashed 
Zucchini, sliced
Raw vegetables 
Alfalfa sproute 
Bamboo shoots, cuts 
Broccoli
Cabbage, shredded 
Cauliflower, pieces 
Celery, sliced 
Cucumber 
Cucumber, sliced 
Green or red peppers 
Green pepper, chopped 
Humus
Lettuce, iceberg (6 in. diameter)
Lettuce, romaine, chopped 
Mushrooms, chopped 
Onion, chopped 
Radishes, sliced 
Salsa 
Snow peas 
Spinach, chopped
Spinach salad (3 cups raw spinach, % raw onion,
% raw mushrooms, and % raw tomato)
Tomato
Tomato, chopped
Tossed salad (2 cups shredded lettuce, 14 raw green 
bell pepper, V* raw cucumber, and % raw tomato) 
Water chestnuts
1 cup
% cup
1/3
1/3 cup 
1/4 cup 
1/3 cup 
1/3 cup 
1/5 cup 
1/4 cup 
1 cup 
1 % cups 
1 % cups 
1 y* cups 
1 cup
I Yx cups
II  cups
1 % cups
1 % cups
3 cups
2 cups
2 Yx cups 
1
4 cups
3
2 % cups 
%cup
1 head
4 cups
3 cups
1 cup
2 Yx cups 
Yxcup
1 cup 
6 cups 
1
2
1 % cups 
1
1/3 cup
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Fruits (fresh, frozen, or canned light)
Apple
Applesauce
Apricots
Blackberries
Blueberries
Boysenberries
Cantaloupe
Cantaloupe, cubed
Cherries
Fruit cocktail
Grapefruit
Grapes
Honeydew melon, cubed
Kiwifmit
Lemon
Lime
Nectarine, medium 
Orange
Orange, mandarin, canned 
Peach
Peaches, canned 
Pear
Pineapple, cubed 
Plum
Raspberries 
Strawberries 
Tangerine 
Watermelon, cubed
%
1/3 cup 
3
%cup
%cup
%cup
% melon
%cup
%cup
!4cup
%
%cup
%cup
1
1
1
%
%
1/3 cup 
1
1/3 cup 
%
!4cup
1
1 cup 
1 cup 
1
%cup
Dried Fruit
Apples
Apricots
Dates
Figs
Prunes
Raisins
4 rings 
7 halves
2 1/2 med 
1 1/2
3 medium 
2 Tbsp.
Fruit Juice 
Apple juice/ cider 
Cranberry juice cocktail 
Grapefruit juice 
Grape juice 
Orange juice 
Pineapple juice
1/2 cup 
1/3 cup 
1/2 cup 
1/3 cup 
1/2 cup 
1/2 cup
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Milk
Skim, 1/2%, 1%, low-fat buttermilk, 2%, whole 
Plain nonfat, low-fat, or whole yogurt
Fats
Margarine, butter, mayonnaise, oil
Reduced-calorie margarine, mayonnaise
Almonds, dry roasted
Cashews, dry roasted
Pecans
Peanuts
Walnuts
Sunflower seeds (no shells)
Pumpkin seeds
Salad dressing, reduced calorie 
Bacon
Coconut, shredded
Cream cheese
Cream, (light, coffee, table)
Meats
Beef, pork, lamb, veal, poultry, fish, venison, duck 
Crab, lobster, scallops, shrimp, clams 
Oysters
Tuna, salmon (canned)
Sardines (canned)
Cottage cheese, ricotta cheese 
Grated parmesan 
Mozzarella
Diet cheeses (less than 55 calories per ounce)
95% fat-free luncheon meat 
Egg whites
Egg substitutes with less than 55 calories per 1/2 cup 
Tofu
American, Blue, Cheddar, Monterery Jack, Swiss cheese
Polish sausage, Italian sausage
Bratwurst
Frankfurter
Peanut Butter
1 cup 
8 oz.
1 tsp.
1 Tbsp. 
6 whole
1 Tbsp.
2 whole 
20 small 
2 whole
1 Tbsp.
2 tsp.
2 Tbsp.
1 slice
2 Tbsp.
1 Tbsp.
2 Tbsp.
1 oz.
2oz.
6 medium 
1/4 cup
2 medium 
1/4 cup
2 Tbsp.
1 oz.
1 oz.
1 1/2 oz.
3 whites 
1/2 cup
4 oz.
1 oz.
1 oz.
1 oz.
1 frank 
1 Tbsp.
Adapted from:
1.) American Diabetes Association. 1989. Exchange Lists for Meal Planning. 
The American Dietetic Association. Chicago, IL.
2.) Sears, B. The Zone Diet A Dietarv Road Mao. Harpercollins Publishers 
Inc. NewYcfk, NY. 1995.
APPENDIX D 
Rating of Perceived Exertion Scale
6
7 Very, very light
8
9 Very light
10
11 Fairly light
12
13 Somewhat hard
14
15 Hard
16
17 Very hard
18
19 Very, very hard
20
Taken from Powers, S.K., Howley, E.T. Exercise Phvsiologv: Theory and 
Application to Fitness and Performance. Times Mirror Higher Education Group, 
Inc. Dubuque, lA., 1997, pp. 273.
71
APPENDIX E 
Graded Exercise Test Data Sheet
Name
Body Composition
Date __
Time __
Subject #
Site 1 2 3 Mean
Chest
Abd
Thigh
Total
%Fat
Height
Weight
(cm)
(lbs)
(kg)
Resting BP 
Resting HR 
Estimated Max HR
(bpm)
(bpm)
V02 Max 
V02 Max
(ml/kg/min)
(L/min)
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Minute Speed Grade Heart-
rate
(BPM)
V02
(L/min)
V02
(ml/kg/
min)
VC02
(L/min)
RPE R
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Time of Termination
Reason for Termination
Comments
Name___________________
Number of daily servings:
 dairy  bread
 meat  vegetable
APPENDIX F 
Daily Log of Dietary Intake
  Subject # _________
fruit
Day Type of Food Eaten Portion
Sunday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
 meat
bread fruit
. vegetable
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Day Type of Food Eaten Portion
Monday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
 meat
bread fruit
vegetable
76
Day Type of Food Eaten Portion
Tuesday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
m eat
bread fruit
. vegetable
77
Day Type of Food Eaten Portion
Wednesday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
 m eat
bread fruit
. vegetable
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Day Type of Food Eaten Portion
Thursday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
 meat
bread fruit
vegetable
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Day Type of Food Eaten Portion
Friday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daily servings:
dairy
 m eat
bread fruit
vegetable
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Day Type of Food Eaten Portion
Saturday
Breakfast
Snacks
Lunch
Snacks
Dinner
Snacks
Total number of daify servings:
 dairy _____ bread
 meat  vegetable
fruit
APPENDIX G 
ENDURANCE TEST DATA SHEET
Name Date_
Time
Body Composition
Subject #.
Site 1 2 3 Mean
Chest
Abd
Thigh
Total
%Fat
Resting BP 
Resting HR 
Estimated Max HR
(bpm)
(bpm)
Determine grade and speed 
55% X V 02 max = (___
(_
m/min x 0.1ml/ka/min ) + 
m/min
 % grade x  m/min x 1.8) + 3.5 ml/kg/m
grade
speed
81
82
Minute Speed Grade Heart-
rate
(BPM)
V02
(L/min)
V02
(ml/kg/
min)
VC02
(L/min)
RPE R
2
4
6
8
10
15
20
25
30
35
40
45
50
55
60
65
70 •
75
Time of Termination
Reason for Termination
Comments
APPENDIX H 
DAILY EXERCISE LOG
Name___
Subject # .
Day Type Intensity (how 
hard, include 
number of reps, 
speed/grade, 
levels, etc)
Duration (how 
long)
Frequency
(how often)
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
•
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APPENDIX I 
SUBJECTS' SUMMARY OF THE STUDY
introduction and  Preliminary Screening (Summarize study and answer 
any questions)
- sign the informed consent
- given log sheets to record your diet and daily exercise
- given dietary information
- physical exam by a registered nurse (RN) and student physical
therapists (SPT)
- measurements taken for height, weight, body composition
Preliminary Testing
- Graded Exercise Test (You will walk on a treadmill with a varying 
speed and grade until exhaustion. During this time you will have 
electrodes on you and be monitored with an EKG. Your perceived rate of 
exertion will also be monitored. There will be a RN onsite throughout this 
portion of the study. You will need to wear a mask in order to collect 
gases.)
Experiment
- subjects will be assigned to either the high-fat (HP) diet or the high 
carbohydrate (HCHO) diet during the first week and then the diets will be 
reversed for the third week.
HP (45% OHO, 15% protein, 40% fat)
HCHO (70% OHO, 15% protein, 15% fat)
- subjects will be given food selections and a suggested number of 
servings of each food type that they can eat for each specific diet
- subjects will walk on the treadmill at a given speed and grade until 
voluntary W gue.
- prior to and following the endurance test subjects will fill out a  
Profile of Mood States form
Tentative Testing Dates:
Thursday, February 18: Informational, PA/PT Exam, graded exercise test with 
gas collection, dietary instruction (expected time 1 % hours)
February 20“* -  27* Diet #1 (record diet and exercise)
Saturday, February 27: Endurance Test with gas collection (abouti hour)
February 28 -  March 6* Record Normal Diet/ Exercise
March 6”  -  March 12* Spring Break
March 13* -  March 20* Diet #2 (record diet and exercise)
Saturday, March 20: Endurance Test with gas collection ( about 1 hour)
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APPENDIX J 
RECRUITMENT SIGN
Are you in “THE 
ZONE”?
We are third year physical therapy students looking for males who 
are 18-35 years of age and interested in participating in a  study
inspired by the Zone Diet.
QUAUFICATIONS:
be willing to change your diet 
walk on the treadmill 
someone who works out 2 or less times a  week 
no training is required 
must be in good health
BENEFITS:
Learn how to improve your performance through diet.
You will receive a  free physical examination from a  physician 
assistant and a  student physical therapist.
You will also receive a  free screening for you body fat composition, 
blood pressures, heart rate, weight and height.
interested????
Contact Kelly at (616) 235-6611
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APPENDIX K
EdITS MANUAL FOR THE
PROFILE OF MOOD STATES
Revised 1992
By
DOUGLAS M. McNAlR, Pb.O. 
Professor of Psycholosj, Emeritui 
Boston Uoirersily
MAURICE LORE, PluD. 
Professor, Departmeot of Psychology 
(!otho1k University of America
LEO F. DROPPLEMAN, PhD . 
Private Praccke 
Knorville, Tennessee
:
PUBUSnED BY 
EdITS.'EOUCATIONAT.AND INDUSTRIAL TESTING SERVICE 
SAN DIEGO. CAUPORNTA 92167
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I I
_ !  \ ____V L . \
MANUAL
Profile
Of
Mood
S ta te s
ky
üùug'as t / .  MnNa’p, Ph D. 
M aj-i;e La*r. Ph 0.
Lci F. Orcpp'e(TiH.n. Ph Cl
'C : _
Edirs
Py Hwt 7234
Sen Hissa Coüforrla 9S767
88
NAME _________  D A T E -
ItfenBflcaSsR K o.__S=X Vafe 0  Fem ala ©
Bdoiw ■* a  I Rtof w ords mat descrftjo fcdb igs people have. Ploose reed ea=h one caretjiy . Then lit h  CM? c rd s  
L-ndcrthc answer to the righr which best describes HOW YOU HAVE BEEN FEELING DJAIKQTHE PAST VV"^'' 
INCLUDING TODAY.
The numbers 
refer to these phrases.
®  = No! a: al:
CO A fclSe 
0  m Moderately 
0  m Cute a bit 
0  • ExtrerreV
l l l l l i ' f l l l l l l l .
1. Tense . . . - - 3 3 0 G S 12 . Uneasy . . . 0 G 3 0 0 23 Weary . . . , 3 0 0 3 0
?. Angry . . . • ' 3 0 3 3 3 13. Fatigued . . ' 0 3 0 0 0 24. Bewildered . . 3 0 0 0 0
3. Wor.T out - ' 3 3 0 0 0 14. A-rroyed . . ' 0 0 0 3 3 25. Furious . . . . • 0 0 0 O 0
A. Live'*/ . . . - 3 0 0 0 3 .5  n.scoL'.'aged ■ 0 0 0 0 3 ' 2S. btficieni . . . © 0 0 - 0 0
5. Contused • 3 3 0 0 0 10. NerrOLS . . 3 ' 3 3 ' 0 3 27. Fuliofoep . . 0 0 0 3 0
S. Shaky . . . ■ 3 3 0 0 3 17. Lonely . . . 3 0 0 3 0 26. Bad-ionpe’ed eC O '33-ï
7. Sad . . . . • 0 0 3 3 3 18. Mjddled . . • 3 * 0 0 0 0 29. Forgetful . . . 0 '003T
S. Active . . . ■ 3 3 3 3 3 19. Fxhausied 3 3 0 0 3 ' 33. Vigorous . . . 3 0 3 'SC*.
0 Grcuc-*y . . 0 0 3 0 0 20. Anxious . . . -0 0 /3 0 0
1C.
1:.
E-ô.-ç»îfc . 
Linivorthy .
• 3 3 3 0 0
• e<D3COO
21. Gloomj' . . .
22. SluQÿSh . .
•3 0 '3 0 3
0 0 3 0 0
MAKESURE 
YOU HAVE ANSWERED 
EVERY HEM.
>HURl FOKm
PC'/S CO^miCKre iw a  edrr&SdJCKOrala.'td Sowic* San 0090. 210.*.
Roproejciar «> H s (s-tF Cgr IMKB irict/pce.*iB: nd
S9
ADULT NORMATIVE SAMPLES
rb tk fo r an iduli normative sample ai« pccsested in T A k  
JO. Hiese iMnm are bawd on data coU«c%d front 19R6 
thn»gh 199I.5CX difTereaccsand aJpSaTeUabiUiin arealtu 
pcsiMited in tlirs table. These data are based oa a sample of 
2.360 adiCts ages IS-65 panieipatmg in a "self help" sow*- 
"3g cessation researsb prognm (Killen. Pcmmasn. Tdch. & 
Newman. I9S8)'.
TABLE jn.
Aiiult .Wml-zs. 5asndSnrd ùcvicEatit, and A lphas
POMS KACTOB
T 0 A V F  C TMD
M
s
r  (alpha)
1 :5
7.9
3Z
Females (F ^1.230)
13.% 9.7 14.9 7 J  
lO.d 9.3 6.7 6.1 5.4 
.95 .93 .90 .93 J S
33.4
37.1
U
r
r  (alphaj
111
7.0
.90
EJ
«.7
.93
Males (K-I.13Q)
9.2 16.3 7.0 6.7 
S J  6 J  5.1 4.6 
.93 .90 .91 JS
772
31.8
POMS SHORT FORM
The POMS short form has been developed bawd oa a cteed 
for 3 Arm d u i is even eas£ex to cimplete. TMs rorm is used 
c^uiie often with the elderly ard w*th those recoveciss fntm 
xcrgery. This form is currently available aiui Is In a large p a d  
fOTtnaL The POMS short focm consists o f  30 items and t k  
S3=e sue scales as m ^ ured  by the long form. Thrs is iheoaiy 
audtoriaedvexsinnorihe short fenn and based on research is 
the stosc reliable. HgttahlCf.lgs. nmitn nnd-strtdad 
do=s far the short (bnn aie twesentaUn TaliW 11.% . The 
data iiKUidedtnTabkf 31*33 x e  based on data ddtivet) from 
the locg form.
TABUJII.
Mevts, Sta-viend Detieiioas end Alpha ffWmfnVm'er fo r  
(ht POMS Shan Form
POMS yACTOR
T D A V E C
Hemales 134=1.230)
.w 6J 3.4 4.1 10.4 52 4 S
s 4.2 3 J  Al 43 4.2 3.1
/fslplu} M .Kl .5? .90 JK .75
i Males (Nm 1.130;
.V 6.7 4.0 5.2 9.3 63 48
f 4.7 <JQ 46  46 5.1 38
r ( 3 lp fd } JSÎ .89 J 9 .91 .79
TABLE 22.
.Vfsrts. Siandani OeviaticRsend RelUtblBlltsfer 
rtf  P0.W5 Skorz Formfitran OtttpaiUtu Stonpfe
I TkawSruwrnnrroUmrMdag pm of M53*i#a «««#»«# weie*(*< JtirJeid Sap SoNioae • coa^ uciad Or Saifod CcvtcT ferlatuRS it. tau
«ÜC TmwauM. tSh ifxarii «M leaded kr Fuku: Muha S i r ^  CnM 
smiCAaun
POMS FACTOR |
T 17 A V ? C
3f
t
riiipti'.
4.1
5.1 
.93
Females (X-13105) 
3 0 3.1 7.9 
4.7 4.2 4.9 
.91 .91 .89
5.4
58
.95
4J5
4 f
.El
Malei iS'USI) *
M Î.I 35 35  83 5.2 5JÎ 1
•l-t 4.2 3.9 4 5 4.7 3.4 !
<* (alpha} .90 .90 XS .93 S3
TAR/Ji.U.
f4fsnj. Sbiodurd Dnsasfonssnd ReliaUhtMs/orihe
PCJ.it.X Shor: Form for a Ce/lege Seinpit
POMS FACTOR
T D A V r C
Feimles (N=63)
M 4.3 25  26 im 7.2 43)
I 3.9 35  34 15 5.3 3.1
f  (alpha} .82 .86 B4 93 J93 67
M sleilhW )
St 6.4 4.0 4 J  114) 7.4 SlO
r 3.7 4.1 4A 4.2 A4 3.3
r (alpha) .73 32 88 Xt 86 .67
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APPENDIX L 
MEDICAL HISTORY FORM
Name:_______________________________A ge_____ Birth date
Have you had/or currently have:
Yes No Date Occurred
Allergies ___  __ ___________
Specify_______________________________________________
Congenital heart defect________ ___  __ ___________
Rheumatic fever______________ ___  __ ___________
Heart Murmur________________ ___  __ ___________
Vascular diseases:
Coronary artery disease ___  __ ___________
Artery diseases, other ___  __ ____________
Varicose veins ___  __ ___________
Leg cramps (claudication) ___  __ ____________
Phlebitis __  _ _________
Heart Attack (s)_______________ ___  __ ____________
High Blood___________________ ___  __ ___________
High Cholesterol______________ ___  __ ___________
Obesity ___  __ ___________
Diabetes________________________  __ ___________
Hernia__________________________  __ ___________
Epilepsy_____________________ ___  __ ___________
Arthritis ___  __ ___________
Specify: ___________________________
Injuries to:
Back ___  __ _____________
Muscles ___  __ _____________
Bones ___  __ _____________
Joints ___  __ _____________
Lung Disease ___  __ _____________
Kidney Disease ___  __ _____________
Liver Disease ___  __ _____________
Psychological/emotional problems  __ _____________
Surgeries: (type and when they occurred)
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Other Medical Problems:
Medications: (name and dosage)
Smoking: Do you smoke?
If yes. How many packs per day? 
Did you smoke in the p a s t?______
Occupation:
Full-time Part-time Unemployed
How often do you exercise a  week? 
What type of exercise do you do?
Registered Nurse’s Screening
Lung Sounds 
Patellar Reflex 
Pupils
Blood pressure 
O ther
Breaths/minute
Pulse
Heart Sounds
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Physical Therapy Evaluation
STRENGTH
Lower Extremity
Hip flexion ___________
Extension ___________
Adduction ___________
Abduction ___________
Int. rotation ___________
ext. rotation ___________
Knee flexion ___________
Extension ___________
Oorsiflexion ___________
Plantarflexion _____
Trunk AROM
Flexion ______
Extension ______
Right Rotation ______
Left Rotation ______
Right SB ______
Left SB
